Gamma-rays are very important for probing high energy particle accelerators and to study the nature of dark matter. The DArk Matter Particle Explorer (DAMPE), launched on 17th December, 2015, is designed for high energy cosmic-ray and gamma-ray observatory. Gamma-rays constitute only a tiny fraction of all the particles that impinge on our detector, it is thus critical to reject a large amount ofąőbackgroundąŕ to get a clean gamma-ray event sample. Here we present an algorithm to identify gamma-rays from the remaining background, using a silicon-tungsten tracker converter which promotes pair conversion and measures the directions of incident particles, and a segmented anti-coincidence detector made from plastic scintillator which measures the charge of particles. We utilize a GEANT4-based Monte Carlo simulation to validate our selection algorithm and estimate its efficiency. This method has been applied to the flight data, and a preliminary clean GeV gamma-ray sky-map has been obtained.
Introduction
The DArk Matter Particle Explorer (DAMPE) [1, 2] is a general purpose high energy cosmicray and gamma-ray observatory [3, 4, 5] , which was successfully launched on December 17th, 2015 and DAMPE presently orbits sun-synchronously at an altitude of 500 km. From top to bottom. DAMPE is composed of four sub-detectors, the Plastic Scintillation Detector (PSD), the SiliconTungsten Tracker (STK), the BGO calorimeter (BGO) and the Neutron Detector (NUD) [1, 2] . PSD is used to measure the charge of incident particles, STK can also measure charges and provide high position resolution tracks simultaneously, and BGO is mainly used to measure the direction and energy of incident particles, and to distinguish electrons and protons.
It is a well established fact that, in the energy range covered by DAMPE's gamma-ray observation [2] , the rate of gamma-rays is 3-5 orders of magnitude smaller than that of charged particles. Of these charged particles, more than 99% are protons and heavy nuclei, and a small fraction are cosmic ray electrons [6, 7, 8] . In order to do scientific analysis of gamma-rays, we thus need to select gammarays from a large number of cosmic rays through offline selection methods. We introduce in this paper the procedure of the gamma-ray selection in DAMPE that features both a high background suppression and a high selection efficiency. The paper is organized as follows: the gamma-ray selection procedure is detailed in Sec 2., including e/p separation using BGO (Sec. 2.1), STK track selection (Sec. 2.2), and charged particle rejection using PSD (Sec. 2.3). With all these, we are able to give a preliminary sky map of DAMPE using the existing flight data (Sec. 3.) We summarize our work in Sec. 4.
Resolving gamma-rays from cosmic rays in DAMPE

Electron/proton separation
The basic principle of our gamma-ray selection is to reconstruct the incident particle tracks, and then distinguish whether these are gamma-rays or charged particles. To this end we utilize the PSD on the top as anti-coincidence detector, which in the presence of a charged particle shows activity. Due to the limitation of the detection efficiency of the PSD and the reconstructed track angle dispersion [2] , there will always some residual charge particles background. Therefore, before using the PSD, this background should be suppressed as much as possible.
The (electromagnetic) showers induced by electrons and gamma-rays in the BGO are very similar, while the shower profile differs when hadrons interact in the BGO. It is therefore possible to use the differences both in the transversal and in the lateral shower profile to remove protons (including other nuclei) first. In DAMPE we utilize both the hardware (including the trigger) to sucessfully suppress the proton background, noting the difference in the e/p energy deposition in the BGO crystals with a general suppression power of O(10) [2] , whereas the remaining protons are filtered using software algorithms. (the suppression power is of the order O(10): one involves the detector itself, including the trigger and the different ratios of e/p energy deposition in the BGO crystals
The e/p identification algorithm is inherited from ATIC [9, 10] . In Fig. 1 we show that using this algorithm as a filter, the total proton suppression power of the method can be several hundreds or even thousand times better than using only the BGO, while retaining electrons and gamma-rays
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Gamma-ray selection of DAMPE Zunlei XU at 99% efficiency with a residual proton background of few percent. Note that we used Monte Carlo simulation data of the detector based on the Geant4 toolkit and a GAUDI-like software framework [11, 12] . 
STK track selection
In using the PSD as an ACD for gamma-ray identification, a correct track is a prerequisite to locate exactly the PSD strip(s) that are passed by the incident particle.
A single BGO track is reconstructed using an energy centroid method [2] . The standard Kalman filter is then applied to the STK track reconstruction [2] . However, in most cases the backsplash and secondary particles can create tracks in STK. As a result, it is natural to have more than one track reconstructed for a single event, and the average number of tracks will increase with the total energy deposited in DAMPE.
In case that multiple STK tracks are available, we need a variable that quantifies the quality of correctly assigning the true track associated with the incidence particle. Considering several observables, we define an empirical quantity T Q to describe the quality of a track:
where "EnergyRatio" is the energy deposition in the STK around the track by 5 mm divided by the total energy deposited in STK. "Distance" denotes the sum of the distance between the CoGs in the first four BGO layers and the positions when extrapolating the STK track on to the corresponding BGO layers. Finally, "TrackPoints" is the number of points by which the STK track is reconstructed. For the true track, this equation yields the maximum TQ value. The above defined TQ is validated by applying to Geant4 simulated electrons, gamma-rays and protons from 1 GeV to 1 TeV. We show in Fig. 2 the position error distribution of the STK track, defined as the deviation between the real impact point in a given PSD layer with the predicted impact point as given by the STK track. Given the position error provided by the STK tracks, we use two more neighboring PSD bars on each side of the impacted bar to reject charged particles. 
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Reject charged particles with PSD
In Fig. 3 we show the largest energy deposition of the PSD bars in X and Y-layers (Edep_x and Edep_y respectively) used for ACD. We can easily identify that the deposited energy of photons is in general smaller than that of electrons. Hence we use the sum of Edep_x and Edep_y as cut (as shown in Fig. 3 ). To determine the optimal value of the threshold applied to the deposited energy in the PSD, we plot in Fig. 4 the residual electron rate as a function of the threshold. It can be seen that the electron residual rate(left black axis) and photon efficiency(right red axis) increases as the threshold increases. In order to balance the rejection efficiency of electrons and the detection efficiency of gamma-rays we use a threshold of 1.5 MeV for low energy events. With this cut value, we achieve a rejection efficiency greater than 0.99999. Since the rejection efficiency of the PSD is higher for high energy electrons and because the energy spectrum deposited in the PSD is softer than that of gamma-rays [13] , we choose to increase the above threshold as the energy increases. Given the application of the e/p separation filter along with the PSD threshold filter, we show in Fig. 5 
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Gamma-ray selection of DAMPE Zunlei XU the acceptance of gama-rays and electrons, based on MC simulations. 1 Note that after filtering by the selection algorithm the acceptance of electrons is about five orders of magnitude lower than that of gamma-rays. Convolving this acceptance with the spectrum of gamma-rays and electrons as measured by other experiments 2 , we obtain the predicted rate of these particles for DAMPE in Fig. 6 . We find that based on these results, that the electron background is about a few percent in the sub-10GeV range, and lower than 1% at higher energies. Currently, the evaluation of the proton acceptance is hindered due to the lack of sufficient MC data, especially towards the highest energies. However, combining the e/p discrimination and the ACD procedure, we estimate the proton rejection power to be ∼ 10 7 .
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Gamma-ray selection of DAMPE Zunlei XU 
Preliminary sky map of DAMPE photon counts
Applying the gamma-ray selection method to the DAMPE observation that lasts for more than 15 months so far, we are able to produce a gamma-ray sky map, in which various gamma-ray point sources could be identified. Fig. 7 shows the gamma-ray counts map of DAMPE in the energy band from 2GeV to 1TeV, in which the three brightest sources of the gamma-ray sky, Vela, Geminga and Crab are clearly visible. 
Preliminary
Summary
The particle identification is one of the most important aspects of DAMPE data analysis. We introduce in this paper an algorithm to identify gamma-rays from the bulk of cosmic rays detected by DAMPE. An e/p separation is first applied to exclude the majority of protons based on the
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Gamma-ray selection of DAMPE Zunlei XU different shower characteristics of electrons and protons in the BGO calorimeter. A track selecting method is then studied to accurately identify the PSD strip passed by the incident particle. Finally, the charged particles rejection efficiency obtained from Monte Carlo simulation shows that our method has a powerful background suppression level, sufficient to accurately select photons which we demonstrate by showing a map of the gamma-ray sky as seen by DAMPE.
